Abstract -In order to determine optimal sounding strategies for future high resolution passive microwave instruments from space a study of the potential sounding capabilities of all significant microwave oxygen and water vapor absorption lines in the frequency range from approximately 10 to 1000 GHz has been undertaken. The study uses a second-order statistical climatological model covering four seasons and three latitudinal zones: low (30"s to 30°N), middle (30" to 60") and high (60" to 90") latitudes, and a wide range of altitudes (up to -70 km). The climatological model was developed using data from three sources: the UARS HALOE instrument, the TOVS Initial Guess Retrieval (TIGR) radiosonde set and the NOAA AMSU radiosonde set.
INTRODUCTION
Historically, microwave frequencies that have been used for water vapor sounding are those around the 22.2351 and 183.3101 GHz water vapor absorption lines, e.g. the SSMn and SSMIT-2, and AMSU instruments. Frequencies used for passive microwave temperature sounding are those located between 50-60 GHz, e.g. MSU, AMSU, SSM/T-1. To obtain the dwell time and sampling rate necessary for the observation of severe weather conditions it is desirable to place microwave imagers/sounders on geostationary platforms, for example the proposed N O M GOES Geosynchronous Microwave Sounder [ 13. However, the geosynchronous distance requires that higher microwave frequencies than those currently used be used to provide good resolution (<20 k m spot size) using difhction limited apertures of reasonable size (-2-3 m). The objective of this study is to assess the utility of all significant absorption lines within the frequency range of -10-1000 GHz for passive microwave sounding of water vapor and temperature from satellites.
INCREMENTAL WEIGHTING FUNCTIONS
The incremental weighting functions (IWF) describe the relationship between infinitesimal variations in any U.S. Government work not protected by U.S. copyright 568 atmospheric parameter and the upwelling (or downwelling) brightness temperature. If 6p(z) is the variation in the profile of the atmospheric parameter of concern, then the variation in upwelling brightness is obtained by:
where W, is the incremental weighting function for parameter p , and 0 is the observation angle measured with respect to nadir. The parameters of concern for this study are temperature and water vapor density. The IWF provides information about the vertical sensitivity to the observed parameter, thus it is a useful tool for sensitivity studies, inversion, and assimilation.
The water vapor IWF derived from the nonscattering solution to the radiative transfer equation for a downward looking radiometer is: [5] , an observation clear air conditions. The frequency grid proportional to the proximity of the but includes no points closer than 2.5 The program used for the calculations Transfer (MRT), version 5.0 [6] . The tased on Liebe's model [7, 8] 
In equations (4) and (5) o , , =Jm (6) where wp is the incremental (column) weighting vector and R,is the covariance matrix for parameter p. The variation GTB is the minimum sensitivity that the radiometer measuring the parameter of interest must possess in order to be able to sense natural atmospheric variations. Tables 1 and 2 summarize the calculations for the most significant water vapor and oxygen absorption lines. Since higher frequency channels are generally more attenuated by water vapor it is possible to use them to sound water vapor at higher altitudes. Use of higher frequency channels also allows improved spatial resolution for the same antenna size since spot area decreases with the square of the frequency. Further, the scattering coefficient cts for spherical Rayleigh ice cloud particles follows f'a6 where f is the frequency and a is the particle diameter, see e.g. [2] , pp.102. The dramatic increase of as with frequency (Tables 1 and 2) illustrates the potential to measure cirrus cloud ice water path. The major disadvantage is the adverse effect of increased cloud opacity on water vapor sounding. However, this disadvantage can be partially offset by using a pair of water vapor sounding bands spaced approximately one to three octaves apart. Other disadvantages of using higher frequency channels are associated with higher water vapor attenuation that obscures the lower levels of the atmosphere. Moreover, the nascent receiver technology at high frequencies results in higher system noise temperatures. Seasonally and latitudinally varying amounts of water vapor cause significant variation in sounding altitudes. For the two extreme cases the effective height for the same frequency can vary by a factor of nearly two, thus indicating the necessity of nonlinear or geographically indexed water vapor retrieval methods. The standard deviation of brightness temperature Q T~ is also influenced by the season, latitude, diurnal period, and location on the globe. 
